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(54) METHOD FOR RECOVERING N-ACETYLGLUCOSAMINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for recovering N-acetylglucosamine from 
an N-acetylglucosamine solution containing glucose in which the N- acetylglucosamine with a 
low glucose content usable for synthesizing substances on an industrial scale using the N- 
acetylglucosamine as a raw material can simply be recovered. 

SOLUTION: This method for removing the glucose from the N- acetylglucosamine solution 
containing the glucose and recovering the N- acetylglucosamine is characterized by treating 
the solution with a glucose oxidase and separating and removing a glucose oxidase reactional 
product from the treated solution. The cost can be reduced by reutilizing the recovered N- 
acetylglucosamine and the method is useful for environments. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the method of collecting N-acetyl glucosamines 

from the N-acetyl glucosamine solution containing glucose. 

[0002] 

[Description of the Prior Art] N-acetyl glucosamine is widely distributed as constituents, such as 
glycoconjugate of animals and plants or a microorganism especially a kitchen, 
glycosaminoglycan, glycoprotein, and a glycolipid. 

[0003] N-acetyl glucosamine is used as synthetic powder of N-acetyl lactosamine. N-acetyl 
lactosamine is a biochemical very important disaccharide which exists in the sugar chain of 
human milk oligosaccharide, lipopolysaccharide, various glycoprotein, and a glycolipid. 
It has the propagation activity of lactobacillus bifidus which is a kind of enterobacilli, and since 
the outstanding ready intestines operation is shown, use to advanced protective foods like 
special formula powdered milk for puericulture attracts attention. 

x 

It is observed as synthetic powder, such as a sialyl Le sugar chain which attentions have 
furthermore gathered also for the physiology activity of the glycoconjugate sugar chain 
containing N-acetyl lactosamine in recent years, for example, has cell adhesion inhibiting 
activities. 

[0004]As a method of compounding this N-acetyl lactosamine, although the chemosynthesis 
method and the enzyme synthetic method are known, Since the quality of an object is obtained 
at the reaction of a single step, research of the enzyme synthetic method which uses **- 
galactosidase or galactosyltransferase chiefly as a synthetic method in a commercial scale is 
made widely. Among these, many of enzyme synthetic methods which use **-galactosidase 
are methods of using the substrate containing N-acetyl glucosamine and lactose as reaction 
raw materials. Reaction by-products, such as glucose, exist in unreacted N-acetyl 
glucosamine, unreacted lactose, and it with N-acetyl lactosamine generated in the reaction 
mixture after the end of an enzyme reaction using this substrate. To collect N-acetyl 
glucosamines from this reaction mixture efficiently, and to reuse as reaction raw materials is 
desired for the cost reduction of an environmental measure or N-acetyl lactosamine 
manufacture by a commercial scale. 

[0005] It is known that glucose shows the operation which checks the galactose transfer activity 
of **-galactosidase, In order to reuse the collected N-acetyl glucosamine to N-acetyl 
lactosamine manufacture, it is necessary to obtain high grade N-acetyl glucosamine with 
glucose content low as much as possible. 

[0006] However, in the chromatography of activated carbon, a cerite column, etc. which are 
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used conventionally available on a scale of industrial. It is difficult to separate the N-acetyl 
glucosamine which are monosaccharides, and glucose, and about 20% of glucose is contained 
in the N-acetyl glucosamine fraction which actually carried out fractionation with activated 
carbon and a cerite column from the reaction mixture obtained by the above-mentioned N- 
acetyl lactosamine manufacture. In order to remove this glucose further and to obtain N-acetyl 
glucosamine with low glucose content to a grade recyclable to enzyme composition of the 
above-mentioned N-acetyl lactosamine, etc., more complicated refining operation and an 
expensive refining material are needed. 
[0007] 

[Problem(s) to be Solved by the lnvention]Therefore, this invention is the method of collecting 
N-acetyl glucosamines from the N-acetyl glucosamine solution containing glucose. The 
purpose is to be able to collect N-acetyl glucosamines with low glucose content usable to the 
substance composition by the commercial scale which uses N-acetyl glucosamine as a raw 
material at low cost simple, and to provide a useful method to environment moreover. 

[0008] 

[Means for Solving the Problem] If this invention persons make glucose oxidase act on an N- 
acetyl glucosamine solution containing glucose as a result of repeating research 
wholeheartedly, in order to attain an aforementioned problem and glucose is selectively 
changed into gluconic acid, Usually, it finds out that high grade N-acetyl glucosamine is 
obtained simply using a separation method used, and came to complete this invention. 
[0009]Therefore, this invention is the method of removing glucose from an N-acetyl 
glucosamine solution containing glucose, and collecting N-acetyl glucosamines, and said 
solution is processed by glucose oxidase, A method of carrying out separation removal of the 
glucose oxidase resultant from what was processed in this way is provided. 
[0010]As an N-acetyl glucosamine solution containing glucose used for a method of above- 
mentioned this invention, a reaction mixture obtained in enzyme composition of N-acetyl 
lactosamine which uses lactose and N-acetyl glucosamine as a substrate can be used 
preferably. 

[001 1]When collecting N-acetyl glucosamines from a reaction mixture obtained in enzyme 
composition of the above-mentioned N-acetyl lactosamine, this reaction mixture, It is preferred 
after an enzyme synthetic reaction that separation removal of the N-acetyl lactosamine is 
carried out at least, and it is most preferred that it is a fraction which consists of 
monosaccharide isolated preparatively after an enzyme synthetic reaction. 
[0012]As glucose oxidase used for a method of above-mentioned this invention, Glucose 
oxidase from microorganism belonging to an Aspergillus group or a Penicillium group can be 
used preferably, and glucose oxidase originating in especially Aspergillus niger can be used 
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preferably. 

[0013]ln an above-mentioned this invention method, it is preferred by carrying out glucose 
oxidase processing of said solution to change glucose into gluconic acid, to carry out 
separation removal of the gluconic acid from this treating solution by anion-exchange-resin 
processing, and to collect N-acetyl glucosamines. 

[0014]The above-mentioned glucose can be changed into gluconic acid, and purity can obtain 
not less than 90% of N-acetyl glucosamine in this invention method of carrying out separation 
removal of the gluconic acid from a solution by anion-exchange-resin processing, and 
collecting N-acetyl glucosamines. 

[001 5]A manufacturing method of N-acetyl lactosamine making N-acetyl glucosamine and 
lactose which were obtained by an above-mentioned this invention method react under **- 
galactosidase existence as another gestalt of this invention is provided. 
[0016]lt is made to react under existence of an enzyme which has the operation which 
transfers galactose residue for N-acetyl glucosamine and lactose to N-acetyl glucosamine from 
lactose, and generates N-acetyl lactosamine, A monosaccharide fraction which contains N- 
acetyl glucosamine and glucose by carrying out activated carbon treatment of this reaction 
mixture is obtained, A method of carrying out glucose oxidase processing of this fraction, 
carrying out separation removal of the generated gluconic acid, and obtaining N-acetyl 
glucosamine can be provided, A manufacturing method of N-acetyl lactosamine adding lactose 
in a solution containing N-acetyl glucosamine obtained by this, and presenting the above- 
mentioned N-acetyl lactosamine synthetic reaction is provided. 
[0017] 

[Embodiment of the lnvention]This invention is explained still in detail below. The N-acetyl 
glucosamine solution containing the glucose used for the method of this invention should just 
be a solution which contains both at least, and in particular the manufacturing method or the 
origin of a solution are not limited. As for such a solution, it is preferred that it is a solution 
containing more N-acetyl glucosamines than glucose. 

[0018]The reaction mixture obtained as such a solution in manufacture of N-acetyl lactosamine 
by the enzyme composition which uses lactose and N-acetyl glucosamine as a substrate, for 
example can be mentioned. With this reaction mixture, if obtained in manufacture of N-acetyl 
lactosamine by this enzyme composition, it will not be limited. Usually, although it is a solution, 
the thing of a solid state which removed the solvent from the solution may be used. In 
manufacture of N-acetyl lactosamine by this enzyme composition, The enzyme which has the 
operation which transfers galactose residue to N-acetyl glucosamine from lactose is made to 
specifically act on lactose and the substrate solution containing N-acetyl glucosamine, and N- 
acetyl lactosamine is compounded. The solution containing N-acetyl glucosamine and glucose 
can usually be obtained with the ion chromatography method, a gel filtration separation 
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method, etc. after ending reaction by isolating only an OK and monosaccharide fraction 
preparatively for the solution which carried out judgment removal of the N-acetyl lactosamine. 
Such a monosaccharide fraction usually contains an about [ 70-90 mol % ] N-acetyl 
glucosamine, and about [ 10-30 mol % ] glucose. 

[0019]As an enzyme which is used in enzyme composition of the above-mentioned N-acetyl 
lactosamine and which has the operation which transfers galactose residue to N-acetyl 
glucosamine from lactose, If it has such a catalysis, the existence gestalt or origin will not be 
limited and not only the enzyme what is called itself, such as refining enzymes and a partial 
purification enzyme, but a resting-bacterium object, a dried cell, biomass debris, etc. 
containing this enzyme will be a category of the enzyme in this invention, for example. As such 
an enzyme, specifically Bacillus group microorganisms, such as Bacillus circulans, 
Rhodotorula group microorganisms, such as Rhodotorula minuta and Rhodotorula lactosa, 
Although the refining enzymes, partial purification enzymes, or enzyme preparation things of 
**-galactosidase originating in Sterigmatomyces group microorganisms, such as 
Sterigmatomyces elviae, are mentioned, In particular, high **-galactosidase of the singularity 
over beta-1 of Bacillus circulans origin and 4 glycosidic linkages is preferred. 
[0020]Said enzyme may be manufactured with the gene engineering technique of making grow 
and refining [ extract and ] the recombination cell etc. which introduced gene DNA which may 
be extracted and refined from the natural product of the microorganism etc. which have said 
enzyme production ability, or encodes said enzyme. Said enzyme may be polypeptide 
including the active site of the enzyme which has a galactose transfer reaction, and such 
polypeptide can be manufactured with the gene engineering technique. 
[0021]Although the conditions in particular of the above-mentioned enzyme synthetic reaction 
are not limited, and can be performed according to conditions publicly known as a reaction 
condition of the synthetic enzyme to be used and a person skilled in the art can choose 
suitably, it is preferred to react under the optimal pH of the enzyme to be used and optimum 
temperature conditions. Unless the reaction by the enzyme to be used is affected also about 
substrate mixtures, such as a solution containing a substrate, it is not limited, but it is preferred 
that it is a mixture in buffer solution. 

[0022]The obligatory means of an enzyme reaction can be adopted and what is necessary is 
just to make a substrate and an enzyme act in the state where an enzyme reaction advances, 
as a reaction gestalt. For example, an enzyme may be contacted to a substrate solution, and 
such an enzyme that the reverse may be sufficient as and is used is fixed to a suitable carrier, 
and the method of contacting a substrate solution can also be adopted. It is also possible to 
more specifically fix the enzyme to be used in a bead-like carrier, for example, to fill up a 
column, and to compound lactose and the mixture of N-acetyl glucosamine in succession with 
through. Immobilized enzyme is added to a substrate solution, the catalytic reaction of both is 
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fully carried out by stirring etc., and the batch method of separating immobilized enzyme after 
a reaction can also be adopted. 

[0023]Thus, glucose, galactosyl N-acetyl lactosamine, etc. which are the N-acetyl 
glucosamine, lactose, and the by-product which are unreacted substrates besides N-acetyl 
lactosamine which is the quality of an object of the reaction by said enzyme are contained in 
the obtained reaction mixture. 

[0024]The method of isolating a monosaccharide fraction preparatively from this reaction 
mixture will not be limited especially if it is the method that a monosaccharide fraction can be 
isolated preparatively. For example, perform preliminary refining of slack, decolorization, a 
demineralization step by ion-exchange resin, etc., etc. to a reaction mixture if needed, and 
when the concentration of an ingredient is low. A separation method by the chromatography 
using strongly acidic cation exchange resin since it processes condensing under 
decompression furthermore etc., A monosaccharide fraction can be easily isolated 
preparatively by publicly known methods, such as an adsorption chromatography method 
using adsorbent, such as a gel filtration separation method, a molecular sieve method, 
activated carbon, a cerite (trade name) column. 

[0025]As an example, the preparative isolation method by activated carbon and a cerite 
column is explained still in detail. Said 2 to 6% (WA/) of synthetic reaction mixture of the 
capacity of column is supplied to a column, an eluate is passed in the rate of flow 60 - 200 
ml/time, and sugars are made eluted. The monosaccharide fraction containing N-acetyl 
glucosamine or glucose is eluted with water. If a 20 to 65% (w/w) grade is suitable for the 
sugar concentration of the end mixture of a synthetic reaction supplied to a column and its 
concentration is higher than this, it will produce disorder to a separation pattern. In a described 
method, since N-acetyl lactosamine is eluted with methanol 14 to 20%, it is also possible to 
separate N-acetyl lactosamine. 

[0026]As glucose oxidase used in order to remove glucose from the N-acetyl glucosamine 
solution containing glucose and to collect N-acetyl glucosamines, The enzyme which it has the 
operation which changes glucose into gluconic acid, and does not have on N-acetyl 
glucosamine substantially (with an enzyme here.) it is a concept containing a resting-bacterium 
object, a dried cell, biomass debris, etc. containing this enzyme besides the enzyme itself, 
such as refining enzymes and a partial purification enzyme, -- it is - if -- the origin in particular 
is not limited. For example, the thing of Aspergillus group origin, such as Aspergillus niger, and 
the thing of Penicillium group origin, such as Penicillium notatum, are mentioned. Especially 
the thing of Aspergillus niger origin is preferred. 

[0027]This enzyme may be extracted and refined from the natural product of the 
microorganism etc. which have the productivity of an enzyme which has the operation which 
changes glucose into gluconic acid, The recombination cell etc. which introduced gene DNA 
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which encodes such an enzyme are grown, and it may be manufactured by the gene 
engineering techniques, such as extracting and refining. If it has the operation which changes 
glucose into gluconic acid and N-acetyl glucosamine is not affected substantially, polypeptide 
including the active site of glucose oxidase may be sufficient, and such polypeptide can be 
manufactured with the gene engineering technique. 

[0028]Although the conditions which perform glucose oxidase processing do not bar the 
reaction which changes glucose into gluconic acid, and they are not limited unless N-acetyl 
glucosamine is affected substantially, but a person skilled in the art can choose them suitably, 
It is preferred to make it react under the optimal pH of the glucose oxidase to be used and 
optimum temperature conditions. When using the glucose oxidase of Aspergillus niger origin, it 
is preferred to react at p H 5.7-6.2 and about 30 **. 

[0029]This treatment object can be used after processing by glucose oxidase as a supply 
source of the N-acetyl glucosamine which is a substrate in the generation reaction of N-acetyl 
lactosamine by enzymatic process. Usually, separation removal of the gluconic acid which is a 
resultant by glucose oxidase is carried out by the method of publicly known common use from 
this treatment object containing this N-acetyl glucosamine. 

[0030]Also in [ generally it is known that gluconic acid exists in solution as an equilibration 
mixture of glucono 1,4-lactone, glucono-1,5-lactone, and the gluconic acid of isolation, and ] 
this invention, The gluconic acid generated by glucose oxidase exists in solution as an 
equilibration mixture of glucono 1,4-lactone, glucono-1,5-lactone, and the gluconic acid of 
isolation. Therefore, in this invention, "gluconic acid" shall be used as a term which also 
includes such glucono lactone in addition to gluconic acid itself, and, as for the aforementioned 
separation and removal method, it is preferred that it is the way glucono lactone is also 
removable. 

[0031 JThe method of carrying out separation removal of the gluconic acid (glucono lactone), 
and isolating N-acetyl glucosamine preparatively from the solution after glucose oxidase 
processing will not be limited especially if it is a method by which N-acetyl glucosamine is 

obtained. For example, a MUROMAKKU CI" type (the Muromachi chemical industry, styrene 
system strongly basic resin which has the 4th class ammonium), Although there are 
chromatography using anion exchange resin like SA series, such as diagram ion SA10A or 
11 A, or PA series (Mitsubishi Chemical, styrene system strongly basic resin which has the 4th 
class ammonium), and an electrodialysis process, The method of carrying out adsorption 
treatment of the gluconic acid with the chromatography especially using anion exchange resin, 
and obtaining the N-acetyl glucosamine which is a non-adsorbing fraction is simple, and 
preferred. 

[0032]As for not less than 90% of purity, by this invention method, not less than 95% of N- 
acetyl glucosamine is obtained preferably.When performing this invention method combining 
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manufacture of the above-mentioned N-acetyl lactosamine, in preparative isolation by the 
above-mentioned activated carbon and cerite column, it is eluted in N-acetyl lactosamine with 
methanol 14 to 20%, and, thereby, N-acetyl lactosamine can be collected. And since the N- 
acetyl glucosamine collected by this invention method can be again used as a raw material of 
enzyme composition of N-acetyl lactosamine, it is dramatically useful, and the manufacturing 
method of such N-acetyl lactosamine constitutes one gestalt of this invention. 
[0033]ln performing this invention method combining manufacture of the above-mentioned N- 
acetyl lactosamine, Perform the enzyme synthetic reaction of N-acetyl lactosamine first, and 
with for example, the chromatography [ reaction mixture ] using strongly acidic cation 
exchange resin, gel filtration technique, activated carbon, a cerite column, etc. The 
monosaccharide fraction containing the fraction, N-acetyl glucosamine, and glucose of N- 
acetyl lactosamine can be isolated preparatively, respectively, glucose oxidase can be made to 
be able to act on this monosaccharide fraction, the generated gluconic acid can be removed, 
and N-acetyl glucosamines can be collected. However, this invention is not limited to this, may 
carry out separation removal of the N-acetyl lactosamine which is quality of an object from the 
end liquid of an enzyme synthetic reaction, for example, may apply this invention method to 
the mixture after this separation, and may apply this invention method to the solution of the 
non-fractionation after an enzyme reaction. 
[0034] 

[ExampleJAIthough an example explains this invention still more concretely, this invention is 
not limited to the following examples. 

[0035]Purity measurement of N-acetyl glucosamine was performed on condition of the 

following using high performance chromatography (henceforth HPLC) among the example of 

the measuring method after-mentioned of reference example 1 N-acetyl glucosamine. 

Column: P-Asahipak NH2 50 column (the Asahi Chemical make, 4.6 x 250 nm) 

mobile phase: » 70% acetonitrile solution rate-of-flow: - a part for 0.7 ml/- temperature: - 37 

** detection: - UV210 nm (absorption of N-acetyl group) 

Differential refraction (sugars) 

Sample: The retention time of the N-acetyl glucosamine by 5 ml, in addition this HPLC analysis 
method was 7.8 minutes. 

[0036]Lipomyces lipofer which is yeast which has the screening lactose assimilation of 
reference example 2 enzyme source (IFO 0673),Rhodotorula minuta (IFO 0928), Rhodotorula 
lactosa (IFO 1423), Sterigmatomyces elviae (IFO 1843) (it purchases above from the Institute 
of Physical and Chemical Research microorganism preservation-of-line institution) was 
cultivated for six days in 28 ** by the Malt extract agar slant culture medium, and the 
preservation culture was produced. 

[0037]the culture medium (lactose; - 2% and peptone; - 1%) which makes lactose the only 
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carbon source Yeast extract; 1%, (NH )2 SO 4 ;0.5%, K 2 HPO 4 ;0.3% and KH 2 PO 4 ;0.1%, O; 

0.05% of MgS0 4 and 7H 2 , and pH 7.0 [ 50-ml ] were put into the Sakaguchi flask of 500 ml, and 

autoclave sterilization was carried out for 15 minutes at 121 **. One platinum loop of each 
above-mentioned preservation culture was inoculated into this, and it cultivated for four days at 
28 **. Biomasses were collected with the centrifuge method after the end of culture, after tales 
doses of physiological salines to culture medium washed twice, biomasses were collected, and 
cryopreservation was carried out at -20 *\ 

[0038]The washing biomass prepared with the described method so that final concentration 
may be set to 500 mg/ml, 100 It was suspended to the substrate solution which dissolved 
lactose (made by Wako Pure Chemical Industries, Ltd.), and N-acetyl glucosamine (made by 
Nacalai Tesque) in mM sodium acetate buffer solution (pH 6.0) so that it might be set to 0.5M 
and 1M, respectively, and was made to react at 60 ** for 17 hours. After heating the reaction 
supernatant liquor obtained by the centrifuge method after that in the boiling bath (for 5 
minutes) and deactivating an enzyme, it diluted with distilled water to 1/10, and the resultant 
was analyzed by HPLC. A result is shown in Table 1. The result compounded by the method 
(JP,3-49692,A) of Usui and others was also indicated collectively. 
[0039] 
[Table 1] 

&U&&MfcIkXF Bacillus circularise^ 

bis?-' fef(a$N-7tf^7^ bVZ><D$i& 

tt& 

N-T-fefvw?? (LI) 

Lipoeyces lipofer 0,0 
Rhodotorula mirnita 129. 0 

Rhodotorula lactosa 126.4 , 



Sterigsatoayces elriae 60. 3 

116.7 



Bacillus circulans&& 



[0040]The washing biomass using yeast of a Rhodotorula group and a Sterigmatomyces group 
also produces N-acetyl lactosamine, When especially yeast of a Rhodotorula group was used, 
N-acetyl lactosamine productivity equivalent to the enzyme composition using Bacillus 
circulans origin **-galactosidase was obtained. Therefore, the washing biomass of 
Rhodotorulaminuta was used for the following experiments. 

[0041]A recovery method of the N-acetyl glucosamine in the method of producing N-acetyl 
lactosamine continuously using an example 1 fixed-yeast biomass method[0042](1) Enzyme 
composition (fixed yeast biomass method) 
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The Rhodotorura minuta biomass prepared according to the reference example 2 was fixed 
with the calcium alginate in accordance with the conventional method (the edited by Society for 
fermentation and Bioengineering Japan, a biochemical engineering experiment document, the 
2nd ** of the first edition, 316 (1993), Baifukan). It was suspended so that cell mass 
concentration might specifically be set to 500 mg/ml in the 2.8% sodium alginate solution 
cooled beforehand, and Pasteur pipette was used and dropped into the 0.5% calcium chloride 
aqueous solution which cooled this, and it was kept in the cool place one whole day and night. 
[0043]the batch method (substrate: - the lactose 0.5M.) using the immobilized cell 
(immobilized cell concentration 0.44 ml/ml) as preliminary experiment When the synthetic 
reaction of N-acetyl glucosamine 1.0M, reaction condition:pH 6.0, and N-acetyl lactosamine by 
60 ** was performed, it checked that N-acetyl lactosamine of 60 mM was obtained in reaction 
mixture. 

[0044]The glass column (1.6 x 10 cm) was filled up with the immobilized cell, and it was 
considered as the immobilized cell column. 100 The substrate solution which dissolved lactose 
and N-acetyl glucosamine in mM sodium acetate buffer solution (pH 6.0) so that it might be set 
to 0.5M and 1M, respectively was warmed at 60 **, said column was supplied in rate-of-flow 2 
ml/time, and N-acetyl lactosamine synthetic reaction was performed continuously. 
[0045]The reaction mixture (40 ml) which passed the above-mentioned immobilized cell 
column is applied to an activated carbon-cerite (1:1, Wako Pure Chem) column (8 x 13 cm), 
Triple the amount of the water of the column washed the column, and it was eluted by amount 
of fraction liquid;20 ml by rate-of-flow;0.82 ml/by the linear increase gradient method of 
methanol concentration using water (3000 ml) and 40% methanol (3000 ml). 
[0046]The eluate fraction was determined by measuring UV absorption in 210 nm (absorption 
of an acetyl group). A result is shown in drawing 1. The monosaccharide fraction (glucose, N- 
acetyl glucosamine) and the peak 2 were used as the disaccharide fraction (N-acetyl 
lactosamine, N-ASECHIRUARO lactosamine), and the peak 3 (not shown) was used as the 
trisaccharide fraction (galactosyl N-acetyl lactosamine) for the peak 1. The fraction with the 
absorbance of 0.8 or more in 210 nm was pooled about the peak 1 , and the N-acetyl 
glucosamine fraction containing glucose was obtained. 

[0047]The obtained N-acetyl glucosamine fraction was freeze-dried, and 8.3-g snow-white 
powder was obtained. The purity assay by HPLC showed that this powder was the N-acetyl 
glucosamine of 78% of purity. The glucose content in the N-acetyl glucosamine fraction 
containing the glucose obtained here was about 22%. 

[0048](2) The rough N-acetyl glucosamine obtained by refining (1) by Aspergillus niger origin 
glucose oxidase processing is dissolved in 100 mM sodium acetate buffer solution (pH 6.0), 
100 mg/ml - 10 ml preparation of the rough N-acetyl glucosamine solution was carried out. 
this - Aspergillus niger origin glucose oxidase (the Kurabo Industries make.) Controlling the 
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pH of reaction mixture by an ammonia solution to pH 5.7-6.2 15%, after adding specific activity 
156 unit / mg so that it may be set to final concentration 5 U/ml, the enzyme reaction was 
performed at 30 ** for 24 hours, and glucose was changed into gluconic acid. Presented the 

chromatography using anion exchange resin (MUROMAKKU 1x4 (a CI" type, 20 ml, 
Muromachi chemical industry)) with the obtained reaction mixture, gluconic acid was made to 
stick to this resin, the non-adsorbing fraction was freeze-dried, and the snow-white powder of 
700 mg was obtained. This powder was the N-acetyl glucosamine of 95% of purity as a result 
of analysis by HPLC. 

[0049] Example 2 The Rhodotorura minuta washing biomass (final concentration 500 mg/ml) 
prepared by the synthetic reference example 2 of N-acetyl lactosamine which uses the 
collected N-acetyl glucosamine, Lactose to 100mM sodium acetate buffer solution (pH 6.0) 
0.5M, And the N-acetyl glucosamine fraction containing the glucose obtained in Example 1 (1), 
The refined N-acetyl glucosamine fraction which was obtained in Example 1 (2), Or enzyme 
composition of N-acetyl lactosamine was performed with the batch method using the substrate 
which dissolved so that it might be set to 1M as contrast by making one of commercial N-acetyl 
glucosamines (made by Nacalai Tesque) into N-acetyl glucosamine on the reaction 
temperature of 60 **, and the conditions of reaction-time 17 hours. A result is shown in Table 
2. 

[0050] 
[Table 2] 

N-r*^>=***v , / ,7 : aUAlJfc 

{%) Uk/W N-T-t^f?* h^%> (LI) N-rtWP?^ > (aLl) 

tm 100.0 22LO 139.95 3.13 0.022 

3SffiMl(l)<OlHlJK& 80.0 276.3 73.33 2.61 0.033 

n&mi{2)0>®W& 95.0 232.6 132.11 2.87 0.022 



[0051]When the N-acetyl glucosamine fraction collected in Example 1 (2) was used, N-acetyl 
lactosamine quantity of production was almost equivalent to the case where commercial N- 
acetyl glucosamine is used. When the N-acetyl glucosamine fraction of Example 1(1) 
collected without carrying out glucose oxidase processing is used, however, N-acetyl 
lactosamine quantity of production, It was halved compared with the case where commercial 
N-acetyl glucosamine is used, and the rate that N-ASECHIRUARO lactosamine which is a side 
reaction substance further is produced increased. 
[0052] 

[Effect of the lnvention]By this invention, the N-acetyl glucosamine of a high grade with low 
glucose content is recoverable from the N-acetyl glucosamine in which glucose is intermingled 
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at low cost simple. In manufacture by enzyme composition of N-acetyl lactosamine, by 
applying this invention method especially, It can become possible to reuse as a substrate the 
N-acetyl glucosamine which remains in post-reaction solution, the N-acetyl glucosamine which 
is an expensive raw material can be used without futility, and reduction of a manufacturing cost 
can be aimed at. The gluconic acid generated by glucose oxidase processing can also be used 
as drugs manufacturing raw materials. 
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[Claim(s)] 

[Claim 1]lt is the method of removing glucose from an N-acetyl glucosamine solution 
containing glucose, and collecting N-acetyl glucosamines, How carrying out separation 
removal of the glucose oxidase resultant from what processed said solution by glucose 
oxidase and processed it in this way. 

[Claim 2]A way according to claim 1 said solution is the reaction mixture obtained in enzyme 
composition of N-acetyl lactosamine using lactose and N-acetyl glucosamine as a substrate. 
[Claim 3]A way according to claim 2 a reaction mixture obtained in enzyme composition of N- 
acetyl lactosamine is a mixture which carried out separation removal of the N-acetyl 
lactosamine at least after an enzyme synthetic reaction. 

[Claim 4]A way according to claim 2 said solution is the monosaccharide fraction obtained from 

a reaction mixture obtained in enzyme composition of N-acetyl lactosamine. 

[Claim 5]A way according to any one of claims 1 to 4 glucose oxidase is the glucose oxidase 

from microorganism belonging to an Aspergillus group or a Penicillium group. 

[Claim 6]A way according to any one of claims 1 to 4 glucose oxidase originates in Aspergillus 

niger. 

[Claim 7]A method of changing glucose into gluconic acid, carrying out separation removal of 
the gluconic acid from this treating solution by anion-exchange-resin processing, and collecting 
N-acetyl glucosamines by carrying out glucose oxidase processing of said solution, according 
to any one of claims 1 to 6. 

[Claim 8]After an enzyme synthetic reaction of N-acetyl lactosamine using lactose and N-acetyl 
glucosamine as a substrate, Glucose is changed into gluconic acid by carrying out glucose 
oxidase processing to a monosaccharide fraction containing N-acetyl glucosamine and 
glucose which were obtained by carrying out activated carbon treatment of the reaction 
mixture, How to carry out separation removal of the gluconic acid from a solution by anion- 
exchange-resin processing furthermore, and to collect N-acetyl glucosamines. 
[Claim 9]A way according to any one of claims 1 to 8 purity of N-acetyl glucosamine obtained 
is not less than 90%. 

[Claim 10]N-acetyl glucosamine and lactose which were obtained by a method indicated to 
either of claims 1-9, A manufacturing method of N-acetyl lactosamine making it react under 
existence of an enzyme which has the operation which transfers galactose residue to N-acetyl 
glucosamine from lactose, and generates N-acetyl lactosamine. 
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tV a v s y Sr HUR-f i umx-h r> x . fit 3 

2 tlMl^ffi. 

S fl*« 2 tgyjuotf a. 

[f^JB5 3 7)l-a-Z**i'y~t£1)K Aspergillu 
s&ZttPfnic\U\\m&lzmi- frV-X 20 

^y—ex-hhmm 1 -4 <ov^ti*»t£tt«o* 

a. 

[fS:£Jf 6 ] ^'^Aspergillus 
nigerfc**t*aE«« 1 ^OVvffuWSEaflXS' 
& 

LT W-rm-ivyfrn+t = y SrHIJR-t I, Z t Z 

[IM<iH9] n^tihn-T^ivyi^f 5 vcoifi 
m 

[ m%m 1 0 ] tmm 1 - 9 cot vrnawcsaw *ut 

h— Xfcfr. 5? r— Xfrbtiy? Y-Xmk*K-7 
t+iUf/UaVi ylz&&LXti-7-t1'Jl'y7 h^iy 

z±!&*&ttmz^&mm<?XF(£T< l zh^x%.mz j £ 

z>ctztmti-$>N-7-t'i~>vy?hyzy<?>mmii 

m. 

[0001] 50 



001-292792 

2 

[0002] 

m*cmm) n-t* 3-/1^3 nmrm 
m?y>s?n, mfamm)&.®.fttLxfc<mix 

[0003] N-T-t-^/U^n-tS ym-T^'I'lVy? 

^*yco-&iWmbLxm^t>tiX^&. N-7-fef- 

mcommftm^ixa*). mit:wmmz*-tzt 
**tra^««««w4a?gitc tag**** ->x& 

[0004] h^fS. yZ^fcth^ 

mtixii. it^f£m>&mGfmtftot>i\x^& 
imx-coiitiimt Lx\imt>e-#y9 v^y— t'xta 

N-r-fef-;^;P3-t5 yby^h-x^-^-ft^ 
* Wt^x v ^hWxx-b h . z crmnzm^tzmmfcfm 

[000 5] ifc. 7;P3-X(i/3-^77b^^— tf 
[0006] LA'L^r^*^. S£*Hiv^iiTV^v£tt« 

yy7<-x-it. m&m±X'*>b n-r^ivyiv^ 
$.yiy>v?-xzftm-$hzt\mmx'h ] o . ase 

T-bf-^^n-tSya^Wi. ^2 0%«0/^3-7. 
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[0007] 

T-fe^^rctSy^lsllRt^^ffiTftoT, N-7 
US-lS ($ffl"Bjf g&TVl' 3 -X£lT$?)ffi^N -7-te -7- 

^ntsyj, gut. fr-oi&^azhz-mwx' 
k-t&, 

[0008] 

mmmmi-^tz^m) **«#<•>{!. mmm 

[00 0 9] ^^T*?6Bflii, ^UO-X$riHt7&N 

[ooio] ±Mi-*%mconmizm^bti&?!U3-z 

? ^-xRx/N-r^^y/i^-t^ytm'Sb ixm 
\vi,n-r^)Vy9 hViy<mm-&mz&\^xftL> 
ntz^mm^^m i < m \ m z t tfx~* h . 

[0011] ±fBN-7-b^<7? b-tS V<F®m&®. 

\,zio^xnhtitzmM%tyfrhN-7^>vy)V3~>r 

f*. k iN-7-te^W5? Mf.$ 

[0012] ±Mi*mi<7)ijmi l zm^t>ti&f/i'3-z 

fe'k LT(i, AspergillusJRXJiPenicillium 
L<($ffl-f&.Ik#-C£. ^Aspergillus nigeHCi 

tfx-%?>, 

[ 0 0 1 3 J JjajWHWSrScfcjsn-ctt, fffi»«*^ 
/!/ r? - X * * v -t'SflJll- hZbVZl*)7)V3-x* 
V)Va y»t:*» I .. * yS«WIII«HI(c J: 0 IS® 
ajSiR^^^/ua ^KSr^a^iLT N-T-fc***'* 

[00 143 iJK^a-xt^aylWcSMlt. Pi 
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[0015] 4fc#»»Z>JM<^»fc LT . ±E*SMH 

-x k £ /3 -tf ? 9 b »/ fe'#ftTic wc § * 
h Z b £#&k "f 4 N -7-fc ^5 ? h - t 5 yjoiSjt* 

[00 16] n-7-t'T>i'y>i>-iit$yby7h 

io -xt£. xt^tsy^ \— xgmztt-T-t'i- 

y^tsmm>Zy9Y-X^mx&LX±m-7^)Vy 

^ b-?$.y£&MJ&t,ziRt&z t £tmb-?z>H-rm- 

20 )Vy yvitmktfiWSk^tlh . 

[0017] 

[ ^<osiiSco^ ] OTtc+nw t $ t»mcaw 

•f I . *^<0^rS(cffiffl $ til 7)V 3 - X £ & 

tf 5 y^/^^-xj; o ^ < stsmmx-b hZb t>m& 
[0018] z<7)£o%mmbixn. mm. y?v 

30 -xkN-r-fe^^3-9-sy*SKk-T6»»^« 
&RiE«&SlSr £ k tfX'% h . £tf5RlEa^*t 

»»*><?>i8JK«:llfe4L.^il*««t<o-C't»fti>. - 

^TtSitjaS-^Ck^t'^l), >reoJ: osif#«B^Wi 
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[00 19] ±fCN-7-t-7-/U7? h-t 5>"<Og##&B)c 

50 7-fef-;u^3-9-5yt:^-r6f^fflt*-r4BI*i:U 
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IMIk ITAftWWS, Bacillus circulans^Baci 11 
us^^t^^. Rhodotorula ninuta-^Rhodotorula lactos 
a^jRhodotorulaJg^^iB). Steri anatomy ces elviaelf 
<7)SterignatoinvcesJKfiJ^!|4)tC**'t & j9-# V 9 h 

—tf »««««<> l < usiHmxiiimft^ io 

Wft*ll>#\ IfKs Bacillus circulansi*C7)/3-1.4 

[0020] Birid»{±. ttEBX£Stt**rr&ft£ 

<. *4VW4UiaB**3-H-i-6jie^DNA^WA 
ftfc. fiWEBBHi* jy^h-^fiSRieS:* 1 **!!** 

[00 2 1 ] JJEWR^«RJCc0jfcfKi«ffcR^5il& 

RJ6ttfiit*W*U\ ************ 
Sffl^»tWL-Ct, fflV^S«t=J:6Rja5t»»t4 

fc*W*Uf*. 30 
[0022] RjftBHk LTli. BSIRJSOtfSW^a 
jWWBT* . B«Ri&^fT**#^aaifclHISfcfts 

t,J:<. fflv»*C<0J:9*»*S' 
N-7-fc fvl'/^ a 5 y <?)^W til L^S:* 4 ft j£M L 
T£S>. 

[0 0 2 3] ;<DJ:-3UL-Cf»feftfcRlE8l*fllKI4. 

maHRfc ± $ rj*#> a want t-* t n - r * 5 ^ 

b-tS><7)fli5, *RJ8^ST'fcl>N-7-fe*/k//l'3 

9 V WU-N -7-b 9 h -fr 5 >'3?#'£ $ ftT V > S . 
[0024] £«RJER^fr6#W^fc4HR-f** 

aw mm. iS£&izmix®m>4 *y&mmz£ 50 
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&^«RJ5*7m-&*«^ll«flE{i. 20-65% (w/w) g 
fl&Wi3T\ "3 tiSKAfiS^k^Si^^-y^sSL 
*Ufr&t&. ±lS^tfc^T. 14-2 0%.* 

9 j-Mzz.m-T*.+)V7? by- 

x\ H-rm-iVj? b-v $>£ftmtzc\b t>m&X'b 

[002 6] 7)Va-Z£%1i?Z>N-7*:*)l'?'lUa 
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^Oi*IS^^IS^$^V\ M/Ltt*. Aspergil 
lus niger^OAspergillusMi^^i)^-^, Penicilliu 
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fttiOSJSSix^tWCA^-CtJ:^. £ftt:. 
*ttl£J:9WtT**. 

[0 0 28] ^1/3-^3}-^^— tfJPitlT 3 *tt 
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k*t, N-7-tf-^/U3-tSy(cSI©Wt^S5:R 

MjSffl^frTt'RJC^iirS 1 1 U\ Aspergi 1 
lus nigeri*«/;l-3-X.^^r>-^'--t:'$rffl^4^ 
»i. P H 5.7-6.2. 30'CgSTRJCS-^^Ck^WS t 
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[0029] fiVa-xttisy—tHzk 

?~ MzzzwE^mx'b&yii'zym&Kmmv) 
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#500 ng/mlC^r&J; 3 iZ, 100 mMft&-t h 'J ^AJgffi HPLCT'^£j£t&<9#flT 2rff ofc. j&ft£?l 1 IZTfit. 
Hfft (PH 6.0) \Zv7Y-X (1*) K) (#SPF3-4 96 9 2-f&$) ?*J*L 

ixfii 0 . 5 M 1 1 MH£|> J o Lfc^KSSKt: [00393 
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N-Tirfvu?? hf^^ <L1) 



lipoayces lipofer 0.0 

Rhodotorula ainuta 129. 0 

Rhodotorula Jactosa 126. 4 
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Bacillus circulans&& 



116.7 
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U !NpKRhodot 1 orulag^»SS'fflV^fc%&. Bacillus 
c i rcu 1 ansi* /3 ? ? h ^ ^— * ffl I ^gt^fiJc k 

o T UlT<0 IWfc (iRhodotorul a m i nuta<ft&ftBft £ 11 

[004 1 ]S|@LL 

[0042] ( i ) ( mmmwmwm) 

###J 2 fcft K ^mW LfcRhodotorura mi nutaKft £ mm 
BL 316 (1993) . 8Aflg) 

& & £ 3 CSS U £ ft £ L fcO . aafrft* ^ ^ 

[004 3] IT . ESEfllll* ( H3£fc»f* 

igg0.44 nl/ml) 

0.5M, N-T-fef-y^yUn^S yi.OM, RJE*ff : pH 6, 
0, 60 C C) izX&N-T^fryfhV 

[0044] iaffltt^^7^*5A (1.6 x 10 c 
m) fc£«U i!5e-fta**7At Lfc # 100 uHWS* 
MJ^AHWK (pH 6.0) \,Z~>9 h-^hN-7tW 

s«sa*6(rctzjiiaL. ma*5A(caoE mi/B#^ * 



[0045] ±EBBjeft«**9A*ajiL/i»ej« 

(40 ml) *jSttilH=54 h (1:1, «3fc*6lg) *?A 
(8 x 13 cm) fcjWt, #?^3fS4cO*T'#5i*£ 
ifc&U * (3000 ml ) bWH*9S-j\s (3000 ml ) 

i 0 . ; 0.82 ml/$h ^HfiSS ; 20 ml Tit tU L 

[0046] m&mim. 210 nm {T±*!v&rmsL) 

Bit**. t°-? 1 (^3-^. N-r-fe 

/^^btJy, N-r-tr^/i/rn^^h^^y) , t c - 
^ 3 (0* L<r^) S =«B# ( b x^-N-r-fe^ 
;^;hf$y) tL-fc. t'-? lfclUUT, 210 nm^ 

I , 3 - x 8: N -r -fe *;l//vu n $ yffl^ 5.- 

[0047] y f#^il?^ N-T^f-;|/^;Un^ ^ >'B^i 

[0048] ( 2 ) Aspergillus niger^^;Pn-X 

( 1 ) Tl#4>*ifcfflN-r-t^^3^SySrl00 mM 
»K+b'J^««a (pH 6.0) CgJBL. 100 ng/ml 

50 KHAspergillus niger4*^3-X**5/^— tf 
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(?y#*7m. fomm^-vh/ng) *&m&5 u/m 

$irIj#£«i^SU 700 ■g^e<0»**f»fco HP 

[004 9]Sffift2 
*/U:7 7 b** $ y 2 THIS! LfcRhodotarur * 



(7) 5»ffl2 0 0 1-2 9 2 79 2 

1 2 

*a ninutaffiftftfr (&i§5g500 mg/ml ) fc, lOOnMffigft 
hWJ*ffiffl&W. (PH6.0) b-X£0. 5M. & 

^^;P3-9-SvH». aaiWi (2) 

1^fcN-7*f^/P3-fr5yfc UlMfc«riJ: 

7 «H^ftTv * >y f-ifefc J; ON -r -fe ^ 9 7 b ^ 5 

[0050] 
[«2] 



(%) 



aU/Ll it 



ttHi 100.0 221.0 

3S!fc« 1 (I) toWVLSk 80. 0 276. 3 
%1tm 1 (2) *>@tt fo 95. 0 232. 6 



139. 95 
78. 33 
132. U 



3.13 
2.61 
2.87 



0.022 
0. 033 
0. 022 



[oo5i] m&mi ( 2 ) x-mwhtzN-T*^? 

v$>$L&m±. msLcoN-T^frffray-syzm 
^tzWi^izkkKz t^mi. s h\zmK)m\mx>fow- 
t^ivtuv? bvzytftkmzti&m^tfmui 

[00 5 2] 

«*coN-r-fef-^^3if s^s. i 



[Hi ] HJtfl:B*iSfetJ:tN-r-b^5^Mf5 
^^nvb^^7^-(cfc(tl>^c7)^aiA^-y$r^ 
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4D017 AA07 BA04 CAB CA17 DA03 
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4G066 AC14B AD06B AE10B CA56 
DA07 EA01 
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